Background and Objectives: Atrial fibrillation (AF) is the most common significant arrhythmia in the general population, and it is associated with increased cardiovascular morbidity and mortality. 
Introduction
Atrial fibrillation (AF) is the most common significant arrhythmia in the general population, and it is associated with increased cardiovascular morbidity and mortality. 1) It also increases the risk of stroke 4-5 folds and it becomes an important independent risk factor for stroke by the 8th decade. 2) It has been shown that the lifetime risk for the development of AF is 1 in 4 for the men and women who are 40 years of age and older.
3) Several previous studies have reported that the prevalence of AF increases with age, rising above 5% in people older than 65 and it's 9-10% for persons aged 80 years or older. In addition, the incidence rate of chronic AF is 1.7 per 1000 personyears and the incidence of AF is approximately 2% per year after 65 years of age. [4] [5] [6] [7] [8] The long-term follow-up data of the Framingham study showed that the independent risk factors for AF include increasing age, male gender, hypertension, diabetes, heart failure and valvular heart disease. Myocardial infarction is an independent risk factor for the development of AF in men only. Echocardiographic variables such as left atrial dilatation, left ventricular hypertrophy and impaired systolic function are also strongly associated with the development of AF.
2)9)
The incidence of and risk factors for new-onset AF have not been well evaluated in Koreans. The aim of our study was to find the incidence of and the risk factors for predicting new-onset AF in persons who had received screening tests for general health.
Subjects and Methods

Study population
We retrospectively analyzed 16,568 adults (males: 10,685, females: 5,883) who had repeatedly received screening tests for general health at the Health Promotion Center, Samsung Medical Center in Korea between March, 2001 and June, 2006 (mean follow up duration: 44 months). We compared the control persons who had no AF found on the serial screening and the persons who had new-onset AF found on the serial screening.
Baseline characteristics
At baseline, the persons who received screening tests for general health answered standard questionnaires that assessed a variety of risk factors, including their past medical history, their medication state, exercise, smoking, drinking habits etc. Hypertension was defined as a blood pressure of 140/90 mmHg or greater or when a patient was taking antihypertensive drug. Diabetes mellitus was established if the fasting glucose levels were 126 mg/dL or greater or when the patients were using medication for hyperglycemia. The physical examinations included measurements of blood pressure, height, weight and body mass index (BMI) with or without the waist-tohip circumference ratio. In addition, 12-lead resting electrocardiogram (ECG) with or without transthoracic echocardiography was done. Electrocardiographic left atrial enlargement was considered to be present if there was a prolonged P wave duration of >120 msec on lead II or if there was an increased duration and depth of the terminal negative portion of the P wave on lead V1 so that the area subtended by it exceeded 0.04 mm-sec. Electrocardiographic left ventricular hypertrophy was diagnosed if the subject fulfilled the voltage criteria for hypertrophy with or without any manifested lateral repolarization change. The blood tests included fasting glucose, hemoglobin A1c (HbA1c), insulin, the lipid profile (total cholesterol, low-density lipoprotein (LDL) cholesterol, highdensity lipoprotein (HDL) cholesterol and triglyceride), a thyroid function test [triiodothyronine (T3), thyroxine (T4) and thyroid-stimulating hormone (TSH)], the inflammatory markers (white blood cell, C-reactive protein and fibrinogen), and the atherosclerosis-associated markers [homocysteine, lipoprotein (a), plasminogen activator inhibitor-1 (PAI-1) and tissue plasminogen activator (tPA)]. Metabolic syndrome was identified as the presence of three or more of these components: abdominal obesity (BMI ≥25 or an elevated waist circumference, that is, ≥90 cm for men, ≥80 cm for women), elevated triglycerides (≥150 mg/dL), reduced HDL cholesterol (<40 mg/dL for men, <50 mg/dL for women), elevated blood pressure (≥130/85 mmHg or the use of medication for hypertension) and elevated fasting glucose (≥110 mg/dL or the use of medication for hyperglycemia).
Statistical analysis
We analyzed the data using SPSS 11.5 for Windows (SPSS Inc, Chicago, Illinois). Categorical variables are presented as numbers (percents), and continuous variables are presented as means±SDs or medians (interquartile range). The categorical variables were compared with the chi-square test or Fisher's extract test. Continuous variables were compared using the Student t-test (paramentric test) for the normal distributions with the same population variance, and the Mann-Whitney U-test test (nonparametric test) was used if the variables did not satisfy the assumptions of the t-test.
Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated by logistic regression analysis for the association between new-onset AF and the possible risk factors. Factors with a p<0.05 on the univariate analysis were entered into the multivariate logistic regression analysis by the enter method to determine the risk factors that predicted new-onset AF. P<0.05 were considered significant.
Results
The baseline characteristics of our study population are presented in Table 1 . The median age of our population was 49 years old (range: 20 to 89), and the proportion of men was 64.5%.
The numbers of subjects according to the age groups and gender are listed in Table 2 . The proportion of persons aged 65 years or older was 6.2%.
During a mean follow-up period of 3.6 years, 61 cases had new-onset AF on the ECG. The incidence of newonset AF in our study was estimated to be 1.0 per 1000 person-years, and this increased with age. We found the incidence of AF was 0.3 per 1000 person-years among the persons younger than 45 years old, while this was 2.9 per 1000 person-years among the persons aged 65 years or older. Men presented a higher incidence rate than did the women (Table 3) . Table 4 shows differences in the baseline characteristics between the groups who had and did not have newonset AF. The population who had new-onset AF was older and there was a male predominance at baseline. In addition, they had a greater history of coronary artery disease and taking hypertension medication. Furthermore, they had a larger BMI and a higher fibrinogen level, and greater left atrium (LA) enlargement was seen on ECG.
On the univariate logistic regression analysis, old age, male gender, a history of coronary artery disease, hypertension medication, waist circumference, a large BMI, increased fasting glucose, hemoglobin A1c and fibrino-gen, and LA enlargement on ECG at baseline were significantly associated with new-onset AF in both genders.
The overweight variable, as defined by a BMI ≥25, was significant and new-onset AF was significantly related to the fibrinogen level ≥315.5 mg/dL, which had a sensitivity of 58.5% and a specificity of 62.7% on the receiver operating characteristics curve. However, the lipid profile, the thyroid function test, the atherosclerosisassociated markers and metabolic syndrome were not significantly associated with the development of AF (Table 5) . After multivariable adjustment, the independent risk factors for predicting new-onset AF were male gender (OR: 3.356, 95% CI: 1.168-9.643, p=0.025) and a history of coronary artery disease (OR: 4.657, 95% CI: 1.703-12.737, p=0.003) ( Table 6) .
Old age (≥65 years old), a history of coronary artery 
Discussion
Our results were somewhat different from those of the previous studies. According to the Manitoba Follow-Up Study, the incidence of AF rose with age from less than 0.5 per 1000 person-years before the age of 50 to 9.7 per 1000 person-years after the age of 70. 10) In addition, the incidence of AF was 0.54 per 1000 person-years in the Renfrew/Paisley Study population (age range: 45-64 years), 11) and this was 19.2 per 1000 person-years in the Cardiovascular Heart Study population that was aged 65 years or older. 5) For the recent Rotterdam Study that had a population aged 55 years or older, the overall incidence rate was 9.9 per 1000 person-years and the incidence rate in the age group 55 to 59 years was 1.1 per 1000 person-years, and this rose to 20.7 per 1000 personyears in the group aged 80-84 years.
12) It is presumed that these results are due to the differences of the age groups and the differences for the presence of paroxysmal AF. That is, the subjects in our study were relatively younger than those in the other previous studies. Especially because the proportion of persons aged 65 years or older in our study was small and we could not firmly determine the presence of paroxysmal AF because this was not detected by serial screening, the overall incidence of AF in our study was lower compared with that of the previous studies.
In our study, the univariate analysis demonstrated that old age, male gender, a history of coronary artery disease and hypertension medication, waist circumference, a large BMI, increased fasting glucose, hemoglobin A1c and fibrinogen, and LA enlargement seen on ECG at baseline were significantly associated with new-onset AF in both genders. After adjusting for the other associated conditions, male gender and a history of coronary artery disease remained the significant risk factors for predicting new-onset AF in persons who had received screening tests for general health. These results are somewhat different from those of the previous studies; the previous studies suggested that the recognized risk factors for AF are male gender, increasing age, hypertension, ischemic heart disease and diabetes mellitus. 5)9-11)13)14)
These differences were presumably due to the different prevalence of hypertension and diabetes mellitus in the study populations. The prevalence of diabetes mellitus in the general Korean population was 7.6%, and the prevalence of DM in our study was 4.6% in our study. 15) The prevalence of hypertension in our study was 11.9% and this was lower than 27.2% prevalence noted in the general Korean population. 16) In addition, among the hypertensive persons in our study, 80.8% were taking antihypertensive medication. Therefore, hypertension may be not a significant risk factor for predicting new-onset AF in the population who has well controlled blood pressure.
Our results did not confirmed that electrocardiographic LV hypertrophy is a significant AF predictor, 9) but we found LA enlargement seen on ECG to be a significant risk factor for predicting new-onset AF, and espe- In addition, the M-mode LA dimension is known as a predictor of new-onset AF according to the Framingham Heart Study 17) and the Cardiovascular Heart Study. 5) LA enlargement on echocardiography is not only a risk factor of AF, but it is also directly involved in the pathogenesis of stroke. 17) That is, atrial stretch causes neurohormonal activation and secretion of atrial natriuretic peptide, and both may have a role in the development of AF.
18) It has recently been demonstrated that strain echocardiography enabled quantitatively precise assessment of the LA contractile function even before LA enlargement. 19 ) However, we did not find that the LA dimension was a predictor of new-onset AF because the proportion of our study population who had undergone transthoracic echocardiogram was relatively small.
Our results demonstrated that being overweight (BMI ≥25) was significant, though only on the univariate analysis. An increased BMI was independently associated with AF in the Manitoba Follow-up Study, 10) in the Multifactor Primary Prevention Study 13) and in the Renfrew/ Paisley Study.
11) Yet BMI was not an independent risk factor for AF in the Framingham Heart Study, 9) and BMI was not examined as a potential risk factor in the Cardiovascular Health Study.
5) The excess risk of AF associated with obesity appears to be mediated by left atrial dilatation. This prospective data raises the possibility that intervention to help patients to achieve a normal weight may reduce the burden of AF on the population. 20)21) Furthermore, obesity is an important determinant of new-onset AF after cardiac surgery. 22) There is conflicting evidence for an association between alcohol consumption and the risk for AF. Cohort studies such as the Framingham Heart Study, 9) the Manitoba Follow-up Study 10) and the Renfrew/Paisley Study 11) did not find any association between alcohol consumption and the risk of AF. Yet the Cardiovascular Health Study reported that lower alcohol use was a risk factor for AF. 5) According to the recent studies, heavy alcohol consumption is associated with an increased risk of AF for men while moderate alcohol consumption does not seem to be associated with the risk of AF for women. This relationship does not appear to be related to the adverse effects of heavy drinking on coronary heart disease or blood pressure.
23)24) Although we found that alcohol consumption decreased the risk of new-onset AF for men, it is difficult to determine the exact effect of alcohol consumption because this result was determined irrespective of the amount of alcohol consumed.
CRP is not only associated with the presence of AF, but it may also predict those patients who are at an increased risk for the future development of AF. 25) However, we did not find CRP as a risk factor and this was consistent with a previous study for the Korean population. 26) In addition, we found the fibrinogen level might be a significant risk factor for men after adjustment for other variables. In our study, the optimal fibrinogen level that predicted new-onset AF was 315.5 mg/dL, which had a sensitivity of 58.5% and a specificity of 62.7% on the receiver operating characteristics curve. In the Copenhagen City Heart Study, the participants with the lowest fibrinogen levels (<243 g/L for men, 250 g/L for women) had the lowest risk of AF, and there was a twofold higher risk among those participants in the highest quartile (>353 g/L for men, 360 g/L for women). These findings support the hypothesis that inflammation contributes to the etiology of AF. 27) In the previous studies, a low serum thyrotropin concentration (≤0.1 mU/L), and in especially persons 60 years or older, was an independent risk factor for AF, and a low serum thyrotropin concentration was associated with a three-to five-fold higher likelihood of having AF with no significant difference between the patients with subclinical and overt hyperthyroidism. 28) 29) Yet we found thyrotropin was not a significant risk factor for predicting new-onset AF in this study.
In conclusion, the risk factors for predicting newonset AF in persons who had received screening tests for general health were male gender and a history of coronary artery disease. In men, LA enlargement observed on ECG and the fibrinogen level, as well as a history of coronary artery disease, were the significant risk factors for predicting new-onset AF.
Study limitations
The preponderance of males (64.5%) and younger persons (<65 years) is a limitation of our study. Because the proportion of aged subjects was very small despite the high incidence of AF onset, it was difficult to correctly evaluate the influence of age. The number of women who had new-onset AF was only six. So, we should be careful when evaluating the characteristics of women with new-onset AF. In addition, we could not determine the presence of paroxysmal AF, which was not detected by serial screening.
